Abstract
1
Coarse-grained structure model and energy function 2 To reduce the complexity of nucleotides, in our CG model, one nucleotide is represented by 3 three beads: phosphate bead (P), sugar ring bead (C) and base bead (N) (54,55). The P and C beads 4 are placed at the P and C4ˊ atom positions, and the base bead (N) is placed at N9 atom position for 5 purine or N1 for pyrimidine; see Fig. 1 . The three beads are treated as van der Waals spheres with the 6 radii of 1.9 Å, 1.7 Å and 2.2 Å, respectively (54,55).
7
The potential energy of a CG dsRNA is composed of two parts, bonded potential and 8 nonbonded potential (54,55)
The bonded potential represents the energy associated with pseudo-covalent bonds 11 between contiguous CG beads within any single chain, which includes bond length energy , bond
12
angle energy and dihedral angle energy :
The initial parameters of these potentials were derived from the statistical analysis on the available
15
3D structures of RNA molecules in PDB (http://www.rcsb.org/pdb/home/home.do), and two sets of 16 parameters Para helical and Para nonhelical were provided for stems and single strands/loops, respectively.
17
Note that only Para nonhelical is used in folding process and both of Para helical and Para nonhelical are used beads and it is modelled by a purely repulsive Lennard-Jones potential.
27
The last term U el in Eq. 3 is a structure-based electrostatic energy for an RNA, which is newly where r ij is the distance between the i-th and j-th P beads, each of which carries a unit negative 5 charge (-e). l D is the Debye length of ion solution. is the permittivity vacuum and ε is the 6 effective temperature-dependent dielectric constant of water (54,55). The reduced negative charge 7 on the i-th P bead is given by 8 9 where is the fraction of ion neutralization. In the present model, beyond the assumption of 10 uniform distribution of binding ions along RNA chain in our previous model, is dependent on
11
RNA 3D structure, and includes the contributions of monovalent and divalent ions
12
Here, x and represent the contribution fractions from monovalent and divalent ions, which where N is the number of P beads. represents the average charge neutralization fraction of ions 16 and the CC theory gives that (52-55) , where b is the average charge spacing on RNA 17 backbone and is Bjerrum length. in Eq. 7 is the electrostatic potential at i-th P bead and can 18 be approximately calculated by
19
Eqs. 5-8 show that the structure-based reduced charge fraction needs to be obtained through an 20 iteration process; see more details in Supporting Material.
21
The detailed descriptions on the CG energy function as well as the parameters for the potentials 22 in Eqs. 1-3 can be found in the Supporting Material.
23

Simulation algorithm 1
To effectively avoid the traps in local energy minima, the MC simulated annealing algorithm is 2 used to sample conformations for a dsRNA at given monovalent/divalent ion conditions. Based on 3 the sequence of a dsRNA, two initial random CG chains can be generated and be separately placed in 4 a cubic box, the size of which is determined by concentration of ssRNA. Generally, the simulation of 5 a dsRNA system with a given ion condition is performed from a high temperature (e.g., 110
• C) to the 6 target temperature (e.g., room/body temperature). At each temperature, the conformations of the 7 dsRNA are sampled by intra-strand pivot moves and inter-strand translation/rotation through the involving the newly refined U el is negligible compared to the whole simulation cost. The equilibrium 13 conformations of the system at each temperature can be saved to obtain 3D structures and structural
14
properties of the dsRNA at each temperature.
15
Calculation of melting temperature 16 The stability of dsRNAs generally depends on strand concentration due to the contribution of with the available experiments and existing models.
16
Structure predictions for dsRNAs in ion solutions 17 Two sets of available dsRNAs were used in this work on 3D structure prediction. One set 18 includes 16 dsRNAs whose structures were determined by X-ray experiments (defined as X-ray set),
19
and the other set contains 10 dsRNAs whose structures were determined by NMR experiments in ion Tables 1 and S3 , respectively. In the following, we first made predictions for the 26 22 structures of dsRNAs in X-ray set and NMR set at high salt concentration (e.g., 1 M Na + ). For 26 dsRNAs in X-ray set and NMR set, the 3D structures were predicted from sequences 5 with strand concentration of 0.1 mM at high salt concentration (e.g., 1 M Na + ), regardless of possible 6 ion effects. In the following, we used a paradigm dsRNA (PDB code: 2jxq; shown in Table 1 ) to 7
show the structure predicting process of dsRNA with the present model, which is shown in Fig. 1C . First, the energy of the system reduces with the decrease of temperature (from 100 • C to room 9 temperature) and the dsRNA folds into native-like structures (e.g., structure c in Fig. 1D ) from an 10 initial random configuration (e.g., structure a in Fig. 1D ). Second, a further structure refinement
11
(~ MC steps) is performed at the target temperature (e.g., room temperature), where the ends, which is attributed to the higher P beads charge density at bending regions and lower P beads 13 charge density at two ends of the dsRNA. Therefore, the newly refined electrostatic potential (Eqs. 
16
To examine whether the involvement of the implicit structure-based electrostatic potential (Eqs. Table 1 . This suggests that the inclusion of structure-based electrostatic potential and corresponding ion conditions in this model can improve the predictions on 3D show that the present model can be reliable in predicting 3D structures of dsRNAs. Beyond 3D 15 structure predictions, the present model can also predict stability and flexibility of dsRNAs in ion 16 solutions. 18 
17
Stability of dsRNAs in ion solutions
Stability of dsRNAs with various sequences
19
As described in the section of Model and methods, for a dsRNA with a given strand dsRNAs over a wide range of monovalent and divalent ion concentrations.
13
First, we examined the effect of monovalent ions on the stability of dsRNAs. As shown in Second, we examined the stability of dsRNAs in mixed monovalent and divalent ion solutions.
23
As shown in Fig. 7B, for 3 DsRNAs generally are rather flexible in ion solutions due to the polymeric nature, and the smaller RMSDs for dsRNAs in ion solutions.
8
(
2) The present model can make good prediction on the stability for dsRNAs with extensive manuscript. All authors discussed the result and reviewed the manuscript.
10
Supporting Material
11
Supporting Material are available at XXX. shows the predicted l p with assuming all P beads are electrically neutral. 
